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This ceperiLient relates three forias of resolution as predictors
of recognition end identification of objects that could be of
interest in a rdliXry photo-reconaisranne'e situation. Of the three
ferns of resolution, two ere b-.sed on eXsting types of resolution
target currently used for assesiaent purposes and the third, being
evaluated under this experiment, is based on a Block Letter
(alchanu.T.cX.c) target. The resuilts and conclusions of this exoeriucnt
will show that at a confidence of 907-, the Block Letter target
provides a significantly better resolution value for the prediction
of recognition and Identification of the type of objects used in this
e-rocrluent.
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EVALUATION OF AH ALPHANUMERIC TARGET A3 A MEANS OF
DETERMINING THE "RESOLUTION" OF A PHOTO-RECONNAISSANCE SYSTEM
INTRODUCTION
1. The commonest parameter, indeed often the only quantitative parameter,
used
to evaluate a photo-optical system, is resolution. In reconnaissance, the quan
tity of interest to the photo-interpreter is that of information content, often
expressed in terms of size of object detectable, recognizable or identifiable.
Thus, it is reasonable to consider the resolution value as a measurement or predictor
of the size of object that might be recognized or identified at any given scale.
2. The most frequently encountered types of resolution target and the types
of concern in this paper, are the U.S. Air Force tri-bar target (called "U3AF
target"
for the remainder of this paper) and the National Research Council (Canada)
annulus target as devised by L.E. Howlett (called "annulus
target" for the re
mainder of this paper). Both of these targets consist of simple geometric forms
presented in a geometrically decreasing order of size. Both targets, as normally
presented, are, to a certain degree, of a periodic form and hence exhibit some
of the optical phenomena associated with periodic targets. Because the nature of
each target element, for both the U3AF and annulus targets, is known a priori, de
termination of resolution involves a scan of the decreasing sizes of target ele
ments until the detection of the expected pattern is no longer possible.
9
3. Donaldson & Gough have devised a set of alphanumeric block letter char-
acters, as suggested by McCamy and
others,'
of virtually equal visual recog-
inability. If such block lecters were presented in a random array, both in terms
of character type and size, then use of such an a_'ray as a means of determining
resolution would involve identification of individual characters with no a priori
knowledge of the character type, little or no periodicity to the characters, and
no judgement of the resolution value until after the complete array were scored.
It is proposed, then, that the size of an
alphanumeric block letter target element
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may relate better than the size of an annulus or USAF target element to the size
of objects required to be recognized or identified, at threshold conditions, in
a military photo-reconnaissance system.
OBJECTIVES
4.. The response variable in each case will be a reciprocal dimension of tar
get or object image just recognized or identified. This reciprocal dimension will
be measured in mm and is given by:
H = object distance (ft)
H x 12 F = focal length of lens (in. )
F x d d = a physical dimension, in mm, of
the target or object
Because we are investigating resolution targets as predictors of object size re
cognized at threshold, Y will be object response (Models, etc. image in mm ) and
X will be target response (resolution). Note that the response variables can be
caused to change by a number of different factors j however, the factors chosen are
ones representative of condition changes found in practice
'
and in each case are
limited to those which will produce a uniform non directional change over the com
plete image area.
(i) Determine which mathematical model (linear or quadratic) gives the
narrowest confidence limits of I on X for each of the following
types of resolution target plotted against model threshold recognition.
(a) USAF low-contrast resolution target.
(b) Annulus low-contrast resolution target.
(c) Block letter low-contrast resolution target.
(ii) From the results of (i), determine the mean confidence interval of
Y over the total range of X for each case (linear _ quadratic) and
rank the intervals in order of size. Determine if the difference
of interval is significant between the three linear cases, three
quadratic cases and between the narrowest ("best") interval for
each target type.
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(iii) For (i) <& (ii), Y response will be based on a
"d"
equal to the mean
of the model length plus width. Is there a significant change in
the confidence intervals on Y when "d" is determined by:
(a) The square root of the projected area of the model;
(b) Mean length of the modelj and
(c) The square root of length times width of the
model.-
(iv) Repeat the above three objectives when Y is based on model threshold
identification rather than recognition.
(v) Confirm the validity of using models by repeating (i) & (ii) using a
I response based on aerial photographs of real objects and determine
if the ranking of confidence intervals based on aerial photography
differs from that based on models.
(vi) Is there a significant difference in readings of Block Letters (in
terms of lowest threshold size resolved) between trained and untrained
observers.
(vii) Repeat (vi), except read models for Block Letters.
EXPERIMENTAL PROCEDURE
5 For the laboratory experiments, a Speed-Graphic camera fitted with a 70mm
roll-film back and a 152mm Kodak Eictar lens was used, rigidly held in the "ASTM
20
Standard Camera Alignment". A second focal length lens was available by removing
the front element of the E<ctar lens, giving a degraded lens system with a cal
culated focal length of 96.07mm. The target array (as shown in Appendix "A") was
20
placed in "ASTM Standard Orientation No. 1 for a Plane Surface" with respect to
the camera and was so designed that the distances used between camera and tar
gets, no part of the array was more than 10 degrees off the optic axis. This tar
get array was illuminated to give essentially uniform exposure over the entire
array, as measured by a G.E. PR1 exposure meter.
22 5
6. For the reasons shown by H.A.VJ. McGee and others , it was decided to
restxuct this investigation to low-contrast targets. The paints used produced
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an average reflection density difference of 0.26, plus/minus 0.02; with the back
ground density being 0.92, plus or minus 0.02. These gray paints were essentially
neutral as measured by a MacBeth Quantalog RD-100 densitometer. The same paints
were used for the construction and painting of all resolution targets and the
models.
7. The USAF resolution targets were of the tri-bar type with spaces between
bars equal to the bar width. Each bar was 5 times its width, hence each set of
bars formed a square. The tri-bar elements were arranged in serial orders of 10mm,
9, 8, 7, 6, 5 4> 3.5, 3, 2.5 and 2mm bar widths. Target parameter "d" was taken
as twice a bar width.
13
8. The annulus resolution targets were of the type described by L. E. Howlett
'
and currently used by the Royal Canadian Air Force. The annuli are presented in
pairs, each annulus to have an inner diameter equal to 1/3 the outer diameter , and
each annulus to be separated from all other annulus by at least 1/3 of the larger
annulus diameter. The annuli pairs were arranged in serial order of 49mra, 4-2, 36,
30.5, 24, 21, 18, 15, 12 and 9mra outer diameters. Target parameter "d" was ta_en
as 2/3 of the outer diameter.
9. The alphanumeric characters used as a Block Letter design are shown in
Appendix "B". Two changes from the Donaldson-Gough set of characters are apparent:
first, the
"tail"
of the "9" is reversed so that there can be no rotational confu
sion with the "6"; second, after discussion with K.C. Donaldson, it was felt that
the unequal response of the "6" could well be due to the presence of the "G" in
their set, hence, it was decided to include the
"6" i*_- this set. The seven alpha
numeric characters chosen were made up in each of sizes 20.:an, 25, 30, 35 and 4.0mm
to a side. For each negative made, 25 of the ->5 possible size-character combina
tions were randomly selected and randomly displayed in a 5 x 5 matrix. Target
parameter
"d"
was based on the length of character side as shown in para 18.
10. The models chosen as recognition and identification targets are shown in
Appendix "C", together with their reference number and pertinent dimensions. Of
- 5 -
the 25 models, 10 were selected at random and presented in random order in two
rows of five within the target array. Each model would appear only once within
any given negative. The models selected were painted and presented under the same
contrast conditions as used for the resolution targets. These models were consi
dered representative of typical civilian and military vehicles that a
photo-
interpreter might be required to recognize or identify and, in each case, the model
was considered sufficiently accurate in scale and detail so as to be representative
of an actual vehicle. Note that the models were presented with a minimum of clues
as to background, cast shadow (i.e., under conditions of flat lighting) and were
not necessarily in scale with respect to one another.
11. In addition to the above targets, the array contained an identifying code,
large patches of white, gray (dar_c, as per background target paint), gray (light,
as per target paint) and blade j and a ten step gray wedge.
12. Inasmuch as this experiment was designed to relate to the very practical
problems encountered in military photo-reconnaissance, the factors chosen as
variable to achieve differing resolution results are from those that might be en
countered under actual conditions. Note that the change in photo-optical condi
tions are, in themselves, relatively unimportant except to provide a varied means
of changing the resolution and, that their effects are uniform across the whole
film surface of interest. One hundred and forty negatives were exposed, varying
"f"
stop, film type, object distance, flare exposure (produced by a secondary
exposure with opal glass held over x.he lens), lens degradation (with accompany
ing change of focal length) and
focus- from these negatives, 30 were chosen (as
shown in Appendix "D") by the criteria of a model recognition range greater than
0% and less than 100$. The three films chosen (Improved Tri-X type 5063, Tri-X
type 8403 and Panatomic-X type S0-136) were representative of medium to high speed
films currently in use for photo reconnaissance.
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13. All film used in this experiment was processed in Kodak Versamat "B"
chemistry at times and temperatures as recommended by KodaK for these films to
achieve a mean gamma of 0.75. Density readings were taKen of the images of the
white and black patches contained within the target array (min/max readings) and
are shown in Appendix "D".
14. The chosen negatives were presented to two groups of readers, trained and
untrained, in a random order, together with the scoring sheet and instructions
shown in Appendix "E". All untrained readers used a twenty power binocular micro
scope on a light table of variable intensity. Each observer was allowed to vary
the light intensity as desired, use whatever time was required and, in each case,
was not required to give a forced response. Prior to starting the readings, each
observer read the instruction sheet shown in Appendix "E", studied a sample nega





close-up photographs of each model with its number code
and class code shown below it. The group of trained observers (Canadian Army
Intelligence Corps) followed a similar technique with the exception that they
had available a variety of magnifications and could choose this variable at will.
15. The aerial photography, in satisfaction of objective (v) was conducted from
a CF100 aircraft mounted with five vertically oriented Vinten F-95 70mm reconnais
sance cameras. Four of the cameras were fitted with Leitz (Canada Ltd)
3"
lenses,
the fourth with a Taylor, Taylor _ Hobson
4" lens. The target area contained a
large annulus resolution target array, a set of large blocK letter targets con
structed and laid out to the same specifications as shown in para 9, and assorted
natural objects of military interest in photo-reconnaissance. Flights were con
ducted at various altitudes over the target array with both Imp Tri-X type 5063
and Panatomic-X type S0-136. Details of the flight and photo-optical system para
meters are shown in Appendix "F".
16. All raw data, with the exception of that pertaining to the aerial photography,
was tabulated on IBM punch cards in numerical code. An initial analysis of the data
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was made on an IBM 1620 computer to checK for gross data errors and detect areas
of missing data. The final analysis was conducted on an IBM 360 computer using
the program shown in Appendix "G".
STATISTICAL ANALYSIS.
17. Annulus and USAF resolutions were calculated by the following simple formu
la using the
"d"
values described in paras 7 and 8. The mean of all observers
value for each negative was determined used in further calculations.
resolution = 0b,i DJ3t (ft) x 304.3
Foe Length (mm) x "d"
18. In determining a
"d"
value for the block letter targets it was realized that
although the alphanumeric characters chosen were essentially equal in terms of
visual recognition, they did not necessarily have the same characteristic under
a photographic operation. To eliminate any error from inherent differences in
recognition, a weighting function was determined for each letter type as follows:
F. = C. x L. where F. = weighting factor for each
ct x Li
C . = 5T all correct letter responses
(all types _ sizes)
C. = 2T all correct letter responses,
type i
L. = 2T all letters presented, all
types
L. = -C all letters presented, type i
By analogy with the annulus type of target,
the block let.ers should have "d" values
of 8, 10, 12, 14 or 16. To determine the actual
"d"
value, a modification of a
scoring technique used
for finite multi-choice quizzes was devised as follows:
SB,
= (DA - SO) SB






_E Fi for letters correct of size <^
SO = 21 F. for letters wrong of size '
DB = 2T F. for all letters presented of size f.
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Because there are a possible 7 responses for any one position on the matrix,
"wrong"
responses are penalized by a factor of 1/(7-1). This scoring technique gives a
range of
"1" for all correct and "0" for guessing (a ratio of 1 correct to 6
wrong). The final "d" value is determined as follows:
"d" = 13 -
Y5




This technique thus gives a "d" value of 13 for a situation of no response or
guessing in all of the block letter matrix positions, and a
"d"
value of 6 for a
matrix of all correct responses. Note that, for this experiment, negatives that
showed either perfect or
"6"
scores were not used.
19. In a manner similar to that used for the block letter targets, the follow
ing scoring technique was used to determine model recognition and identification:
R = Z1 - Z3/24 R = score for identification
71 + 7P + 7^
Z1 = number of models correct
Z2 = number of models missed
Z3 = number of models wrong
S = Y1 - 13/5 S = score for recognition
11 = number of models correct
Y2 = number of models missed
Y3 = number of models wrong
T = P1 + P2 * P3 + P4 P - model size parameter x weighting factor
4 +(A x R). (ident)
_ ,,- ,,~ r-> ,m Q
=
niodel size parameter x weighting factor
U - ^1
<g
+ ^3 + <& (recog. )
4 +(4 x s;
P1, P2, P3, P4
=
smallest four values of P
Q1, Q2, Q3, Q4
= smallest four values of Q
MODEL IDENTIFICATION = Ob.i Dist (ft) x 304.3 x R
Foe Length (mm) x T
MODEL RECOGNITION = Obj Dist (ft) iJ04..3xS
Foe Length (mm) x U
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The siae parameter on which model recognition or identification is based was
either model length, mean of length plus width, square root of projected area or
square root of length times width.
20. From each of the negatives, an average (mean) resolution and model identi
fication or recognition for each parameter choice and, for each negative, a mean
square variation represented by:
I Ui " *r
was calculated. A standard regression analysis technique was employed in deter-
mining both linear and quadratic lines of best fit. To avoid treating the data
as a bi-variate case, the X parameter (resolution) was coded into equi-spaced cells
by taking the integer part of the average resolution plus 0.5. Besides the regres
sion coefficients for each1 case, the following statistics were also calculated:
a calculated
"F" for lack of fit; a S term based on the square root of the resi-
yx
dual following from the analysis of variance; an error term and degrees of freedom
represented by the error term and the average value of the mean square variance
previously calculated for each negative. Finally, the correlation coefficient
R was calculated for each set of X, Y data by the formula:
R = JL UL
- X) (*i
- *)
Y^T/V _ v\2\$(T(\-xrZ(\- rr)1
RESULTS
21. A computer print out of results is shown in Appendices "H" and "I". The
following notes apply to the various tables of this Appendix:




trained observers. Each of the following notes applies to both
appendices.
(2) Table 1 shows the frequency each model was called, both as a correct
response and in lieu of some other model presented. The column "not
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read" indicates the number of times a model was missed (marked "0"
on the scoring sheet). The model numbers refer to the same numbers
as appear in Appendix "C".
(3) Tables 2 and 3 are similar in nature to Table 1, except they refer
to bloc letter response and model recognition, respectively.
(4) Table 4 is a frequency chart of letter, models identified and models
recognized; in terms of number presented, number correct and number
missed (marked "0"). The term "weight" is equivalent to F. of para 13.
(5) Table 5 shows individual reader's response to each of the target types
on each negative. To the right is shown the average response, a coded
response based on the integer part of the average response plus 0.5,
and the variation among readers for each negative.
IDN 1, REC, .1 are based on model size parameter of length
IDN 2, REC 2 are based on model size parameter of sq rt proj area
IDN 3, REC 3 are based on model size parameter of (L plus \l)/Z
x.
IDN 4> REC 4 are based on model size parameter of (L x
W)a
(6) Table 6 the regression analysis results for both the linear case and
quadratic (CURVE) case. The other columns refer to the statistics
described in para 20. Note that each grouping is referred to by a
four digit code. This code will be used throughout these results and
discussion of results and is read as follows:
MODEL 1 Model length
_
. SIZE 2 (projected
area)^
PARAMETER 3 (L plus^/2






READER 1 Untrained observer




and Sy:: values according to rank
code R value
.IPg Y Sy_ (curve) Syz ([line) Sy_.(ciirve) X;:(cur-; e)
no.
Avg Y Median Y
4-322 ).7705 1 L 5232 1 .586 23 1 .613 23 0.3506 2 0.3429 I





2322 .7666 3 4 4723 .593 24 1 .623 24 .3562 4 3459 2
1322 .7501 4 y .0303 1 .078 3 1.109 4 -3557 3 -3704 7
3321 0.7120 5 4 .4664 1 .755 23 1 .752 23 0.3929 5 0.3675 5
2321 .7061 6 / .3971 1 .930 37 1 977 37 4043 11 -3637 6
4-321 .7011 7 4 1 .996
.39
1 .992 38 .4036 13 .3733 8
1321 .6993 8 3 .3312 1 323 13 1 .325 14 -39.72 7 .3670 4
3221 0.6912 9 4.4664 1 .820 32 1 .303 30 0.4075 12 0.3812 10
2221 .6853 10 .3971 2 .053 41 2 .032 41 .4192 IS .3823 11
4222 .684.0 11 L 5232 1 .305 30 1 .852 33 .3991 9 3903 14
3222 .6321 12 4 .1227 1.624 25 1.673 25 3939 6 .4.030 17
4221 0.6G14 13 A .8849 2 .065 44 2 .045 43 0.4227 '20 0.3867 12
2222 .6307 14 4 . ',723 1 31 1 .851 32 4033 10 .3922 15
1221 .6797 15 3 .3312 1..369 19 1 .360 16 .4110 15 .3798 9
1222 .6672 16 1 .0303 1,.204 "7 1,.249 7 .3973 8 4137 23
3122 0.6618 17 4.1227 1,.693 26 1,.715 26 0.43.07 1/ 0.4201 25
4122 .6604. 13 4..5232 1,.885 34 1,.906 34 .4167 16 .4076 19
13U .6530 19 Oi*~ i.4265 1,.299 12 1,.301 12
coco
JjJJ 32 .4170 24
3311 .6576 20 3-.1368 1,.745 27 1. 734 27 5563 36 28
2122 0.6566 21 4..4723 1..333 35 1..906 35 0X222 19 0.4100 21
23U .6439 22
0
^ ' 2.,014 2.,000 39 .5366 42 444-1 30
1122 .6437 3 ,,0303 1..263 11. 1.,234 10 .4167 17 4340 27
1211 .6429 24- ^1 .4265 1.
rj<l/.
15 1. 324 13 .5465
00
.4257 26
4311 0.6402 25 j>< 4677 *C 1.023 40 2.,010 40 0.5S34 41 0.4441 31
3211 .6375 26 i,1368 1.,786 29 1..773 29 5694 40 .4465 33
3121 .6273 27 4-,4664 1.
Ope. 36 1. 943 36 .4332 21 .4852 IS
2211 .625S 23 ^ /
" "
/, 2. 056 42 2. 040/ 42 .5988 46 2.534.
4211 0.6220 29 3-,4-677 2. 064- 43 2. 049 44 0.5952 45 0.4531 34
2121 .6169 30 4- 8971 2. 189 47 2.197 47 .4470 24 .-A076 20
1121 . 6162 31
0
3312 1.450 22 1.460 21 4353 *8*C .4022 16
4121 .6120 32 4- 3843 2.201 48 2. 209 48 4506 25 .4122 22
1312 0.6060 33 2.0030 0. Z84 1 0.923 1 0.44-02 23 13
3111 XM63 34 3.1363 I.&53 33 1. L47 31 5907 43 4-oj> 36
nn o?60 35 2.
/Of-r
1. 381 20 1. 3S7 18 .5691 39 4433 32
2111 .5733 _"- 4334 2.MO 45 2.
1 ^0 46 .6233 43 47L9 39
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TAIL?; 1 ( cont. )
4-1U 0.5766 37 3.4677 2.144 46 2.157 45 0 . 6183 47 0 .8707 38
3312 = 5577 3'o 2.3276 1.120 4 1.155 5 .4812 26 .4633 37
2>12 =5442-39 2.3716 1.193 6 1.229 6 5C51 23 .8920 Al
4312 = 5397 40 2.4X5 1.22.6 3 1.259 8 4935 *p*._- .483.'. 40
1212 0.4392 41 2.0030 1.193 5 1.048 2 0.5941 44- 0 .5244 44
1112 4^o^. 42 2.C030
0.995-
2 1.053 3 '.4955 27 A374 29
3112 C
0-
CO 4-3 2.3276 1.245 10 1.212 9 5349 31 .5155 A3
3212 .3821 44 2X276 1.244 9 1.2S6 11 5>',_> 30 .5151 42





46 9 /peg, 1.356 17 i
00 r
19 .5513 34 .5402 25
2212 -3676 47 2.373-6 1.325 14 1.562 17 5537 37 .54/1 47





























( avg 'R values )
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22. Tables 1 and 2 show the main results of interest to this experiment. In
Table 1, the results are listed in order of decreasing correlation coefficient.
With 30 data points, the degrees of freedom for correlation are 28 and hence, at
90$ confidence (alpha equal to 0.10) all correlations above the value of 0.3070
are significant, in other words, we have found a significant correlation for each
X, Y test shown in the table. Because the range of X values does not vary signifi
cantly, we can consider the confidence interval on Y at the point X
= X in each
case. Under this condition, the expression for the confidence interval on Y re
duces to:
tplus, minus t^ ^
For each of the 43 cases, n equals 30, hence the whole expression reduces to:
A
Y plus, minus K x S where K is a constant.r '
yx
Thus, it is reasonable to consider intercomparing values of S . Further, because
yx
we are assessing X as a predictor of Y and different ranges and average Y values
are encountered in the different cases, we can divide the term S by avg Y for
yx
each case to allow for a comparison between cases of different Y values.
23. Table 2 shows the coded results grouped, with the average
"R"
value or
average S /avg Y values beside each group. Note that there is relatively little
yx
difference due to differences in model size parameters. From these groups, the
standard deviation about each mean was computed, as shown in Table 3. Using the
averages and Standard Deviations of Table 3, a confidence interval could be placed
on each difference of means and a decision made as to whether the difference was
significant. In each case, n equaled 4> aa alpha risk of 0.10 was accepted and








If the interval thus calculated contained "3", then there is no significant differ
ence at a confidence of 90$. Note, that in calculating the above functions, trunca











'-VX^-'' v o)/AX Y
,f code no. Avg (Std D Std Dcv I vr-- 0 (Std Dc Std lev
522 .7636 .0002 .014 .3524 .8001 .810
521 .7046 .000.1 .010 4008 . 8001 .010
312 .563.4 .0007 .026 .4813 .0088 .828
311 .6500 .0001 .010 5454 .con .033
122 .6735 .0002 .03.4 89X .8001 .38 0
>21
.68X5 .0001 .010 .4151 .3801 .010
'.12 .5597 .0012 .084 5597 .0006
p"
,'
211 .6317 .0001 .03.0 .5775 .0006 .824
L22 .6556 .0001 .010 .4166 .0001 .010
L21 .6131 .0001 .010 .4415 .8001 .010
L12 -3950 .0007 .026 5352 .0008 .023
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24. Figures 1 and 2 show plots of resolution versus interprability for aerial
negatives. Because the Y response is neither recognition nor identification but
rather a complex function qualitatively called
"interprability" (the criteria used
was relative information content), it was not considered justified in making a
quantitative statistical comparison between this data and that obtained from the
controlled laboratory experiments.
DISCUSSION OF RESULTS
25. The majority of the results are self-explanatory; however, a few points
should be noted. From Table 4 both Appendices
"H"
and "I", it will be noted
that the trained observers have quite a significantly higher percentage of misses
and a correspondingly lower percentage of "wrongs", for both letters and models;
this would appear to be indicative of a lower level of among trained
observers. The weighting factors for the block letters indicate essentially
uni-
form recognizability and, in fact, the weighting factors could probably be dis
pensed with for future similar investi0ations using this set of block letters. The
weighting factors for model would tend to show no inherent difference
in recognizability between the different classes specified; the weighting factors
for model identification are predictably quite varied. It is suspected that these
weighting factors would be more accurate if they were determined from models with
equivalent outside dimensions (say, equal means of length plus width).
26. The variations between readers is quite significantly less for the block
letter target than for either the annulus or USAF target. This is reasonable if one
considers that the random presentation of the block letter target precludes bias on
the part of the reader, and secondly, with the population of readers used, there is no
difficulty in describing or knowing a priori what a particular letter is, while there
is soma problem in determining what is meant by the term
"resolved"
as applied to
either the annulus or USAF type of target.
27. The validity of all the lab tests rest3 upon the fact that each type of reso
lution target was treated alike, thus, while intercomparisons between the various
lab tests is meaningful, there is little point in intercomparing the lab tests with the
- 18 -
results from the aerial photography. Examination of Figures 1 and 2, however,
would show general agreement with the results of the lab tests.
28. It is important to remember that these trials were conducted for the limited
case of recognition and identification of vehicles only, without reference to other
image-area clues, such as tire marks or tread marks, relative size compared to road
bed or trees, etc. It would be interesting and worthwhile to quantize (probably
by an empirical means similar to that used in this experiment) the parameter "total
information content from a complex scene" in terms of a size. Perhaps this could
lead to a fairly useful empirical formula of "image
quality"
similar to that de-
12
vised by G.G. Higgins R.N. Wolfe
"
for picture definition. Further, it would
appear from the results of the experiments reported in this paper that there is
some definite merit in using a target system of random but well known symbols; quite
possib3.y the block letter targets used in this experiment could be improved by
consideration of curvilinear or abstract shapes, as long as an unambiguous
"label"
can be applied to each shape. In connection with this type of target, this experi
ment would probably have been improved, certainly the scoring would be simpler, if
the size of elements were changed systematically between rows while retaining the
random selection of element types.
CONCLUSIONS
29. With reference to the stated objectives of this experiment, the following
conclusions can be drawn:
(i) There would appear to be little or no difference between use of
a linear or quadratic formula for prediction of recognition or
identification from resolution, regardless of what type of reso
lution target is used. From the very small value of the quadratic
term, it is probable that the relationship is basically linear.
(ii) In every instance, there is a very significantly better correla
tion (and narrower confidence interval of Y on X) for "recognition"
than for identification. This would tend to show that the reading
- 19 -
of all three types of resolution target used is basically one of
"recognition".
(iii) For both recognition and identification, there is a significantly
better correlation (smaller confidence interval of Y on X) for the
Block Letter resolution than for either the Annulus or USAF reso
lution. USAF resolution would appear to be slightly better in
terms of correlation than the Annulus, although this is only signi
ficant in some of the cases.
(iv) There is no significant difference between any of the size para-
meters used for model recognition or identification although, from
examining the data, the mean of the model length plus width would
appear to give the best (narrowest) confidence interval on Y.
(v) The data from the aerial photography cannot quantitatively be
compared to the laboratory data; however, the results shown in
Figures 1 and 2 would tend to confirm the conclusions above, at
least with respect to Annulus resolution versus Block Letter reso
lution.
(vi) The difference in response between trained and untrained observers
is not significant in every case; however, it would appear that in
each case, the trained observers showed better correlation and
narrower confidence intervals on Y for the cases of recognition.
For identification, the trained observers generally showed better
confidence intervals but poorer correlation. Note that some or
all of these differences may have been due to different reading
conditions rather than a factor of training.
30. The errors in technique found within this experiment are quite apparent
and, where they might
bear on the results, have been pointed out and discussed.




resolution as a predictor for information content of interest to military
reconnaissance is and can be quite fruitful. It is hoped that these tests and
- 20 -
the conclusions drawn from the same will be a useful starting point for further
work in this same field. It became quite apparent during tnis experiment that to
work further or deeper along this same line of investigation, it would become
very necessary to create common terms or to .link quantitatively terms used in
the fields of photographic interpretation, photography, optics and the psychology
and physiology of vision.
- 21 -
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1. Models mounted on 5" dia grey citcles
2. USAF Lov Contrast resolution target
3. Block Letter Target, letters mounted on
4"x4"




5- 1SJ; grey card
6. Tvhite
7. Black
8. 10 step grey card (scale)
9. RCAF Low Cont ast r solution targe
APPI-IDIX "B"
V^


































































| 4 tX! |
T
i













L - .-_-._- L_~ 1 i '.
'




M , ? 4 M ! !
-I
! i y 4
_^-aMES__Sitf





r -rX I ! ^'
[ : -L I
1
4"
| 1 | 1 | M .;
=
"
i> i TTi i _L i |
1





" ^^-^gm^'ISa 1 '
----*i**>_Si_!
. ! 1 i
| | i ,
i






















1- i -4 t '
Xi ^ 1 1











3 -_ 8 4 _i
' i
--












-^ i i . i
i_v .-^^^^si-i 1 ... 1 1 1 t ; -J i




! | I - i_l1 1 iiij 4MII 1 i . u 1 1 i
1 l
43 j ..... _ 7 r I r
-4
4 4-4-4 4- P-H-
[#X i i i --
^ P T
J_ . tlXi_ .nzz
^^
-4GX
-m- [ 1 ! X 1 L'
f a U"i Q! i i t 1 '
1 1
1 i ! i i ; M 4 ; | i




























-'""-' 1 I | _L







- - 1" ' !' '
i ,
.1 -j P - -X-- I i a
1
l ;._|_|. -_, - -
1 tt
Y "c . i i |
4 l |













ZLpEEt1 ! 1 _L - - - -J 1"
1 1 | j1 1
.
1 1 i-T-












i 4 X X
... -
p
r j -M-- 4 1
! i Y
J.... ! ... 1
i i ! i i '
A?P8XI):"C"
Table of models selected as representative targets
Dimensions in r.im
Model Class Mean of qP n
4- 8-- P.t.
Code No. Code No. Dorcrintien Lena Eh 74at: i L alas 8 Pro;] . Area
T --
i''
0 0 Do not knov/
1 3 Stako truck (6 aheX) 74 25 49.5 43.0 43-0
2 o. Landrovcr Stn. Vago-i 67 27 47.0 At- 5 A8.5
3 3 Hopper truck 66 26 46.0 41-5 43.. 2
4 6 Mustang Sedan 70 27 48.5 4-3 5
/ '- c.
5 3 Dumper truck 51 27 39.0 37.0 37.1
6 3 Jeep pick-up 65 25 A5.0 40.0 40.2
7 6 Jeep 4 4 55 23 41.5 40.5 39-3
8 5
Saladin1 Arm. Car 61 29 45-0 42.0 42.0
9 2 Snor-trac 55 33 AA.O 43-. 5 42.7
10 1 Small tractor (farm) 49 29 89.0 30.0 37.7
11 1 Bulldozer Cat D3 58 32 45.0 33.5 A3.3
12 2 Gr.Bt 3-ton LK8 4 :c 4 49 17 33.0 29.0 28.9
13 2 U.S. 83 half track 50 22 36.0 33.0 32-2
H 5 8-r Bt Recon Set car 45 24 34-5 3A.C 32 .8
15 4 USSR Stalih trnk 53 25 39-0 56.5 36.3
16 3 U.S. 24ton 6x6 49 19 34-5 30.5 30.5
17 5 U.S. 1140 S.P.Cannon 54 26 40.0 37.5 57.5
13 4 U.S. H59 It tank 47 26 36.5 35.0 5X9
19 3 Gr Bt Ambulance 3-ton 4 x 4 50 18 34.0 30.0 3-0.0
20 4- USSR T-34 It tcXc 47 24 85-5 3A-0 32.1
21 2 U.S. H3A1 10 ton half track 4-3 18 33.0 28.0 29.A
22 4 Centurian tank 8k III 52 26 39.0 37.0 36.7
23 4 USSR T-54 h-,avy XX: 43 26 37.0 55.5 35.3
24 4 Ger- HS20 A?C 44 20 32.0 30.0 29.7
25 o U.S. Jeep 4 >: 4 33 15 29.0 22.5 22.2
Class
Code No. Description
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Appenaix "a", page l
SCORING SH8ET FOR
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- NOTE: Plea.se read the instructions on the other side of this sheet before scorinr;
your first negative. Also read the general instruction sheet accompanying the
complete set of negatives.
THANK YOU FOR YOUR HELP I
Appendix "E", page 2
(reverse side of scoring sheet)
INSTRUCTIONS
1. Identify the negative, orient it so that the negative code (two block
letters) appears at the top left corner of the negative when viewed through
.the microscope.
2. Record the negative code.
3. Fill in the USAF and Annulus resolutions in the blocks indicated. The
annulus resolution is indicated by a letter, the USAF resolution by a
number. Remember the criteria for resolution:
USAF - If the three bars can be detected, even distorted
in shape or joined together ^n places, the target
is resolved.
ANNULUS - If both rihgs of any pair are unbroken and have de
tectable centres of density different than that of
the ring, that pair is considered resolved.
4. Fill in a response in all squares of the block letter matrix and model form.
If you cannot even guess what letter may be present, put a 0 in the appro
priate square. If you can name the model, you do not need to mark down the
class. If you cannot name or class the models, put a 0 in both the top
and bottom portions of the appropriate square.
5. Refer to the photographs of the models as required. Remember that tank
turret position, shadows, size relative to other models are not the same
as in the negatives you are reading. Do not rely on these clues to iden
tify the models I Where possible, use the model number for identification
on the reporting sheet.
Appendix "E", page 3
INSTRUCTIONS
(Refer to sample sheets f/1 & #2)
! Negative Code: Appears in upper left corner of negative when properly
oriented.
2 Page No. : Use numbers to show order in which negatives were read.
3. Date :
4 Models; The two rows of 5 split boxes correspond to the two top rows
(of five items) in the negatives. Each small square in the negative
(in these two rows) contains a model of a vehicle chosen from the twenty-
five shown in the accompanying set of photographs. Each model will
only appear once in each negative. If you can identify the model, place
its code number in the lower half of the box (as shown in sample 1). If
you cannot identify the model, place its class name in the upper half
of the box, as shown in some of the boxes in sample 2. Try to identify
even if you must guess. The class names are shown on the photographs.
If you cannot give a class, put a zero on the box dividing line.
Notes: a. The shadows shown in the photographic prints will not necessari
ly correspond to those in the negatives.
i -
b. All views are vertical.
c. Gun angle (relative to side of vehicle) changes from negative
to negative; do not rely on this as identification.
d. The models, while accurate in scale within themselves, are not
to scale to each other.
5. Block Letter Matrix: The next five lines on the negative contain square
cards on which are painted certain bloc_ letters (shown on each scoring
sheet). These vary in size and type in random order. Note the odd shapes
of the "9" and "3". Put whatever you think is on the negative in the
corresponding square of the matrix. Again, guessing is encouraged, but
if you simply can't tell what letter (or number) is present, put a zero
in the appropriate square of the matrix.
6. Annulus Resolution: Down the left side of the target array is a series of
annulus targets, lettered a, b, c, d, etc. (largest to smallest). Report
the resolution read as shown in samples 1 and 2 (not necessarily the
correct resolution at all in these samples). The criteria for resolution
is given on the back of each reporting form.
7 USAF Resolution : Down the right side of the target array is a series of
USAF 3-3ar targets, numbered 1,2, 3, 4> etc. Report these as for para 6
above.
General Instructions:
a. It is suggested that each reader examine the samples for 15 to 20 minutes
before starting this series of tests. The responses shown on the sample
sheets are all correct (except for resolution).
cont'd Appendix "E", page 4
b. There is no time limit in reading these targets; however, first response
decided upon is usually correct; hence, try to be quick and do not be
afraid of guessing, if you have any clue as to the nature of model or letter.
c. The negatives are arranged in six sets of five negatives. Complete the
reading of one set before going on to the next. Each reader should start
at a different set and hence maintain a different order of reading the 30
negatives.
AP84I8I8 "F"
Table of aerial negative parameters
N.D annulus block letter
ccce 'f Xep focal length filter 8i3a; re.-o'au'M.or. resolution
(Inches) type (liiraXX (lineXX ina
112 11 _3 nil 5063 14 4
117 16 3 nil 5063 22 16 5
113 8 3 nil 5063 IS 16 4
119 5.6 nil 5063 11 9
142 5.6 3 0.6 5063 18 11 2
147 8 3 0.6 5063 14 14 7
143 4 3 0.6 5063 11 11 4
149 2.3 3 0.6 5063 11 9 5
152 11 4 nil 5063 14 16 9
157 16 4 nil 5063 H 11 2
158 3 4 nil 5063 22 12 4
159 5.6 4 nil 5063 8
i
8 I
214- 2 2 nil S0136 27 16 8
222 4 3 0.3 S0136 18 15 7
223 2.8
0
-> 0.3 S0136 IS 19 10
224 0 3 0.3 S0136 114 11 3
242 4 -̂" 0.6 S0156 IS 15 6
24-3 2.3 3 0.6 S0136 11 16 6
244 2 3 0.6 S0136 8 11 5
252 5.6 nil S0136 18 16 4
253 4 4 nil S0136 27 18 8
254 2.3 4 nil S0136 14 16 7
1
-. -p
Note: All negatives taken at an object distance of 800 and
at 1/1000 sec.
'normal1 e:_?o&ure for film type 5063 vras l/lOOO at fl6
- This scale rerre;.eutes an arbitrary ranking of negatives on
a scale of 1 to 10.



































































































































10 L = l
K,LJ =0










I 3 ( N )
1.2 + 1























,X ( 8 , 8
J 1.(2.5 I , J2( 25) ,J3( 1CJ ,J4
Kl (7) ,K2(7) ,K3
,K10(25) ,m25,26) ,^0(8.,
E(25) ,F(25) ,C(25)















II ,J1, J2,J3, J4_, J5, J6, J7
,J7








( M 1 ) + 1
,4C
= 8 0(.Fl,M3) + l
27,28,27
(Ml ) +1 JI















































































































































5 ) ( N , N = l,2.5), (N,(MP.(N,M) , iN = 1,26)
N , M ) ,
,N=1 25_)_
T(// NOBEL NCT
2X, 12, 3X, 2614/) )
T(///' LETTER NOT 'llX'LETTER
D'/' GIVEN 1 2_
2 3 4 5 6,//6( I 4 , 3 X , 8 I
T(5CX'TRAINEC C3SEBVERS')
T(43X INTRA I NEC SERVERS')
T(2I2,25I1 ,1CI2, 1211)









5CX tcCEL X'EAC / Xl VEN REJ
REAC
4 5













) ,(MA(7,M),M = 1
1X,2X( 12,2X1

























































Of MCC 0 MARKA DATE
=
subroltinY

















A ( K. ) = K 2 ( K )
,
KT=KT+K3(K)
KU = KU + K 1 ( K )__ .
KV=KV+K2(K)
00. 11. K= 1,7
_ _ X :
R = KV












3_( K ) = R * 1 0 C . /.S^ .
R=K3(K)
C ( K ) = R* 1 0 C . / S :
R=K10(K)
D ( K ) = B*1CC . /S . _ . ________
AT=AT/7.
R = KU 1 ,
S =KT
CT= SX10.0 . /R
S = KS







WPITE (3,5)K8,KV,KT,KS,ET,CT,CT,.AT .. _
FORMATt/' TCTALS'3X,I4,1X,14,?X, I4,4X ,14
1//)
F:ORMAT,(3X,I4,2X,I4, IX , 14 , 3X , 14 , 4X , I 4 , Fl C

















FORTRAN IV G LEVEL
"* 6bo7~"
0002















































DIMENSION KK7I ,K2(7) ,K3(7) ,K4(25 )
1,K1C(25),A(25),B(25),C(2 5),C(25),F
















S = KU . .
B{K) =B(K)*S/(B*MK) )
KLO ( K.)=K4
(K.)_- (K5.(.K.) + K6 I K ).)
KS=KS+K10(K)










AT =AT/2 5. ..... ...
R = KU
S = K T ; :
CT=S*100./R
. ...






WRITE (3,4 )N,K4(N) ,K5( N) ,K6( N) , i< i C ( 8 ) , A ( i\ ) ,C(N4 ,C(N
116 CONTINUE
WRITE (3,5) KUt KVKTt KSf ET,CT,CT, AT
5 FORMAT! /
























FORTRAN IV G LEVEL 0,
"MCD~0"





































































































SICN Kim ,K2(7) ,K3( 7) ,K4(25),K
25),A(25),B(25),C(25),C(25),f(2












































, F 1 C I


































































1 10 ) , I 5 ( 1 0 ) , CA ( 5 ) , C:e ( 5 > , M A ( 9 ) , M b ( 9
2 ( 1 1 , 4 ) , R E ( 14 , 4 ) , N C ( 2 5 , 4 ) , K A ( 2 5_) , R



















MAT 2 ) =28
MA (3) =24
M A ( 4 ) = 2 0
_ .
MA( 5) =16




WRITE(3,5)(.N,N = 1, 91 .
KCUNT=0
DC..276.. I = 1,3
FA( I)=0.
FB ( I ) =0 .
FC( I)=0.




CG( I , J)=0.






DO 2 0 K=1,3C
.














) , F C ( 3
3(25),





















FORTRAN IV G LEVEL 0, MGD 0 MARKD DATE - 68C22








CO 5 3 RI ( I, J)=0.
RE( I, J)=0.0054 7C
00 5 5 DO 71 1=1 ,4
0056 TI( I)=0.







REAC( 1,2) 11 ,12
R =MA( 16)



























0079 P3 = 75.
._..
P4=75.














0C89 - - M4=I5(N)
00 90 R=NC(M1 ,LX)
009 1 .. S
= R
..-.... : ,._._~ .... , . T
0092 R=R*E(f'l) /ICC.
0093 - = S4!C(M2) /ICO.
IF(f-4-M3)41 ,32 , 41C094
8C95 3 2. Z1=Z1+R
IF(R-P1)2 3,33, 3400 96
CO 9 7 P4 = P3
P3 = P2009 8
































































































































































































































020.3. _ . .
0204
0 20 5 .. 703
020 6
020 7 ..... .7.37
02 0 8























DO 78 C M=l,
J Z ( M , K ) = R A (
RB(M) =JZ(M,


























































) + T E ( V ) * T E ( M )
) +T I.( MJXRGJit)
) + T I ( V ) * P e ( N ) * R B ( N )


















F * * 3
F**4





i )( R F ( M ,_N-3 ) -T E1N-3 ) ) **2_.
+ DT ( N )

























































































































































04 ) K , ( X ?' { N4 , N= 1 , 9 ) , R A ( 1 ) , J Z
K) ,DT(2) ,(TC(N) ,N=1 ,9),R/( 3 )
DT (M + 3)i ,N=1,4) , ( (RE(N,M) ,N=1



































































































*R9 .. . . .
)-Pl*BCl-P2*P9)/3C.
lr P 1 * P 74/ 2 0 .
J)-BC)
171,174
APPENDIX. "G", PAGE 10
20/3h/18 PAGE 00 C 5
JN(N),N=1 ,8) ,RA
(('RI (N,M),N = !__,_
),M=1,4)
r






































































































































































3 6 X ,
,F9.4














































































1.4/ L INI' 6x7






















































































4 1 2 C
C C C 0
C
1
5 1 1 2 1 1 2 37 2 3 0 2 0 0 12 1 C

























9 6 0 2 0 3 2 2 16 o 45 r 3 0 5 1 o
10 5 c 0 0 0 1 C
. __
0 0 124 0 C 8 C c
1
C














51 C 1 2


















1 1 2 1 1 3 25 2 1



















1 C 3 1C 13

















._.2 1 1 2












2C 34 c 0 0 C 2 C 0 3 1 2 1 C 0 5 1
21 38 o 0
_.0_
C 0 0 . c 0 C C C 9 0 0 0
22 4C 0 0 o 1 3 0 5 2 2 2 4 10 6 4
23 19 0 0 0 0 2 0 3 1 4 C 4 C 0 4 C








0 0 0. 1 0. 1 1 4 C
NOT
TABLE 2 TABLE 3
LETTER LETTER READ MOCREC NOT
I*










526 41 48 2C 16 36
46X 7_r.__.L3__ 3 1 JUL


























































































































































































































































3 4 5 6_
8 IX 4 7
55 25 10 32
4 19 32 9 43
51 315 49 47
-j. 27 125 15
40 26 7 110
TABLE 4












2 786 526 163 97 66.8 2 2C.74 12.34 1-X5j.127*
1 . 0 8 dp
3 EOS 5 74 1C9 125 71.04 13.49 15.47
4 783 535 136 112 68.33 17.37 14. 3C






















54.55 34. C9 11. 361 1.35
2 95 38 42 15 4C.0C
*
44.21 15. 79 0-99,-
3 5C 16 28 6 32, CC 56. CC 12. CO
0.79,'
4 87 35 39 13 4 C . 2 3 44.83 14.94 1.0(X
5 67 37 19 11 55.22 28.36 16.42 1 .31 I
0.8 :6 117 38 53 26 3 2.48 45.38 22.22
7 36 18 11 7 5C.0C 3C.56 19.44 1.2
'










9 87 45 36 i.*a;
10 131 124 2 5 94.66 1 .53 3.82
2.35'
i.i6i11 1C9 51 31 27 46.79 28.44 24.77
12 66 37 14 15 56. C6 21 .21 22.73 1 .39:




14 64 42 11 11 65.63 17. 19 17. 19
15 81 13 44 24 16.05 54.32 29.63
16 94 10 58 26 1C.64 6 1.70 27.66 0.26^
6.84,
C.84-
17 13C 44 5 2 34 33.35 . , 4C.0C 26. 15
18 65 22 21 22 33.35 3 2.31 33.85












22 117 19 58 4C 16.24 4 9.57 34- 19
23 65 17 29 19 26.15 44.62 2X23
24 71 3 37 31 4.23 52.11 43.66
25 79 46 1C 23 5 8.22 12.66 29. 11
TOTALS 218C 877 776 527 4C.22 35. 6C 24. 17
C.977
MCCFL RFCCGMTICN




2 343 179 128 36 52.19 3 7.32 18.50
3 606 419 176 11 69.14 29. C4 1 .82
4 594 315 213 66 53.03 35.86 11. 11
5 195 125 6C 10 6 4.10 3C. 77 5.13 l-cA^










APPXDIX "H", PAGE 2
NE G












-_4_.____ 5__ _8._ 9


















IDN 1 C.60 1.82 3. 17 1.4 2 1.95 1.27 8.68 1X3 114
IDN 2 C.55 2.15 3.78 1.3 5 2 . 2 8 1 . 32 0.55 1.32 "14
IDN 3 C.66 2.17 3.61 1 .45 2.27 1.39 0.67 1.4C
l.fIDN 4 C.70 2.29 3.85 1.4 9 2.4C 1.46 0.70 1.47
REC 1 2.82 2.68 6.94 0. 35 3.56 3.77 3.C9 2.CC
REC 2 3.97 3.92 10. C8 C.29 5.37 5.56 4.43 2.82 5.
PEC 3 3.69 3.56 9.25 C..3 8
_ _4.87_.
5.8 8 4.88 2.62
._Jj;







USAF 5.07 31.3 3 25. C7 20.89 25. C7
.
25. C7 31.33 CO
.......Q.jr
LETTER 21.67 25.52 25. 83 19.92 21.75 26.17 27.32 c.c
0.'
IDN 1 6.74 1.43 2.23
.
. C 3 0.63 2.22 1 .96 CC O.r-







C.7C 2.45 2.20 CO o.1;,
IDN 4 9.67 1 .49 2.57 2.53 C.7 3 2.57 2.32 c.c c,
REC. 1 6 . 7.0. 1.6C 4.91 2.55 .1.59. 5. 16 .. 2.65. . CC c.;,
REC 2 9.74 2.27 7.23 3.76 2.28 7.42 3. 90 c.c o.|!
REC 3 8.75 2.C7 6 . 4.5 . 3 .3 7 2.C9 . 6..6C 3.49 CC o.;.
REC 4 9.35 2.22 6.86 3.59 2.25 6.97 3.70 CO O.j,
RCAF 3 12.53 12.53 10.4 4 10.X4 "2C.X9 lXXX "c.c XX;
USAF 17.90_ 9C 15.67 15.67 17-98 1X9C 2C.89 J.O c|



















4DN 3 2.45 .... 7.4 6 2.46 ..52 _ 5.5 7 C 7 9 c . 0 0..,
IDN 4 2. 54 7.96 2.54 2.62 5.96 0.82 3.90 c.c 0.
REX 1 4.31 9 . 4 C. 3 . C 7 1.66 5.6 6
1.69 2.77 CC C",
REC 2 6.C3 12.86 4.43 2.43 8.04 2.44 4.C1 CO 04
R_EC 3 5.50. 12.3 4 4.44 2 8 7.30 _. 2.2.7... ... CO _..Q.i
REC 4 5.78 13.00 4.2 5 2.46 7.66 2.42
4.C3 CC
o.(




USAF 10.03 11.70 1C.C3 8.77. 14. 0.4 10. C3 1C.C3 CC 04
LETTER 18.34 11.43 9. 63 8.63 12.86 11.54 9.C3 CC 0(.
ION 1
- C . C 1 0.25. -0.C5.. C.31 C.12. 1.C1 C.36 CC c^
IDN 2 -C.01 0.26 -G.C 5 C. 3
6 C.16 1.34 8.41 CC 04:




- C . C 1 0.26



















RFC. 3. C.63 . 2.13
0. 50 1-33 C.5C_. 2.11 0...4.1
__
CC co.;
REC 4 C.6 8 2.31






RCAF 5 XX 2 ~8 . 7 7 7.C2 7-02 8.77 7.C2 10. C3 4 . C ,-f co k :
USAF 11.70 14. C 4 14. C4
14..0 4. 1 4 . C 4 11.70 J 7.55
4""c"
LETTER 14.31 15. 3C 16.44 15.24 13.56 13.13 15.52 CC 0.
IDN 1
..
1.62 1..50 3 . C 5 . 3 .8 5 ._5.,6.3_2.22 1 .13 .x . c
IDN 2 2. JI 2.CC 4. 75 5.92
3.47 3.22 1 .40 c.c 0.
IDN
.3. .
2.82 1.95 4. 39 5.45 7.86 ... . 3.02 1.39 CC c
2. 1C 4. 88 6.C1 8.5 9 3.3 6 1 .43 CC 0.
AP?ENDIX4,H, PAGE. 3





























































































































REC 3 1.23 5.23 6.67 6.67 5.26 2.82 CC 0 A












1 5.87 15.87 19.84 15.87 19.84 13.23.. 22.63 cc O-X
LETTER 12.39 14.45 14.49 13.59 16.81 15.17 15.76 CO C'l
IDN 1 1. 15 2.45 3. 50 1. 75 4.7C 2.47 C .59 3.C
r J-
'--3
IDN 2 1. 19 3.15 5. 18 1.98 7 . 34 3.2 5 0.55 CO 0.]
IDN 3 1.29 3.1C 4.9 2 2.C4 6.72 3. 14 0.65 xc__.4_-i
IDN 4 1.34 3.29 5.40 2. 12 7.45 3.. 36 0.68 cc 1 04
REC 1. C.82 2.6C 3.C3 1.21 4. 15 3.C2 1.79 cc
o^x-
REC 2 1.06 4.06 4.44 1.71 5.92 4.42 2.67 0.0
0^"
REC 3 1.04 3. 9C 4.C2 1.63 5.65 4.C4 2.56 CO 0






5.95 3.57 4.76 5.95
4n
USAF 9.52 7.94 9.52 7.94 7.94 6.88 7.94 9.52 0J,4
--
LETTER 9.95 8.79 8.69 9.26 7.2 3 "4792 8.48 8.53
OjV"
IDN 1 C.67 2.24 1. 38 1.3 5 C.74 C65 1 .23 C24
IDN 2 C . 79 3.48 2.C2 1.99 C.91 C 76 1.94 C22 Oih




C.88 C77 1.81 X2 5
IDN 4 0.84 3.43 2.C8 2.C4 C.94 C.81 2.82 8.27
chJ
REC 1 C.65 3.C1 1.68 3. 14 3.C1 1.6 7 2.68 C39
oL
-"
REC 2 C.98 4.49 2.45 4.6 7 4.39 2.43 4.13 C51 ~c'^
REC 3 0.87 4.0 9 2.15 4. 16 3.96 2.14 3.63 C48 0
REC 4 G.96 4.62 2.33 4.6 2 4.38 2.32 4.C9 C52 0 \






USAF 12.61 13.61 13.61 13.61 15.87 13.61 13.61 cc
0
44
LETTER 12.64 13.5 1 12.70 1C75 12.64 13.63 12.64 CO 0 i->
IDN 1 2.17 3.21 3. 19 _2._35...2.74
4.C4 1 .74 CO 0
8
IDN 2 4. 70 4.6 9 4.57 3.6 2 4.C5 5.96
2.70 c.c bn
IDN 3 4.17 4.15 4. 13 3.28 3.69 5.26
2.41 c.c P.-
IDN 4 4.77 4.66 4. 65 3.74 4.C7- i
6.81 2.71 CO 04
REC 1 4.77 2.9C 3.79 3.69
2.96 3.59 2.94 ex.
.PJn
REC 2 6.86 4.16 5.48 5.3 5
4. 34 5.33 4.34 c.c 2-n





RFC 4 6.87 4.08 5. 48
5.34 4.26 5 . 40 4.26 cc or




















r .29. 0.2.8... 0.88. C.2.8. .. c_c____ -CC1. 0.27 .
c.c
of:
IDN 2 C.27 0.26
0.96 0.26 CC -CC1 0.2 6 cc
IDN.3 C.31 Q.3C
0.94 0 . 3 C CO .._ 0.29 cc .
%
IDN 4 C.33 0.32
1.C1 0.3 2 C.C -CC1 0.31 c.c CJP
RE_C__1 1.42_ 1.77
1.33 2.4 6 0 . C C27... 1.22 CO
-Qf
""
REC 2 2.03 2.4 7
1.91 3.4 8 CC 0.3 3 1.74 0 .0 \r
REC 3 1.84_. 2.24..














USAF 1 5 .8.7. 15.87
15.
_8.7_
15.87 13.6.1_ 7 . 1 5 -.8.7 15.87 04-
LETTER 12.63 13.74
11.66 14.66 12. C8 15.87 14.68 15.87 0.^
IDN 1
2 'XL 2.36 4.00 16_. . 3.C.L ... 2. 9 5.63 o-X
IDN 2 4.87 3.54
5.95 4.73 4.56 4.35 3.58 8.14 0.;
I.D.N. 3.. . 4.38. 3.2C
24 4.3 1 4.14 . 3.95 3.39. ._ 7.13 %;
IDN 4 4.97 3.6 5
5.99 4.84 4.66 4.42 3.69 8.19
RFC.l . _ 3.46 3.C8_ 4...
5 6 .4.5.6.3.X4. .... 3.5.0 3 . 70 3.66
REC 2 5.45 4.3C
6.55 6.55 5.39 5.11 5.21 5.22 0.;





















































































































































































































































































































































































































































































































































































































































































































































































9 . C 2 7.52 9.C2 12.89
- -
C.CRCAF 16 12.89 11.28 9.C2 "V
*)
5-4USAF .... 15.04 15.04 18. C5 15.04 22.56 22.56 22X6 CO
LETTER 16.94 15.69 19. 11 1 8 . 3 C 22.92 15.27 20.6C CO c;
IDN.l 9.43 3.92 3.84 9.43 4 . C 8 6.86 2.15 CO
IDN 2 14. 24 5.63 5.55 14.24 5.44 9.77 2.68 CO
IDN. 3 12.25 5.18 12.25 5.C3 8.72 . 2.54 cc
IDN 4 14. 17 5.8C 5.67 14. 17 5. 53 9.78
r
2.76 cc oJ;
REC 1 7.83 6.44 6.41 9.55 7.83 3.66 5.25 c.c OX
REC 2 11.92 9.32 9.36 14.71 1 1.92 5.06 7.46 O.C o.;
REC. 1.0.52 . 8.51 12.84 10.52 4.80 6-92 cc -0.7






1278 9 117 8 9
"i2"."B9~
X7c~2 cc "c4
USAF 25.78 22. 56 22.56 22.56 22.56 25.18 18.C5 CO
CL'
LETTER 16.22 17.45 18.63 18.44 21.54. 20.21 16.16 c.c O.L
IDN 1 4.92 8.77 6.62 8.82 8.77 3 . 7 9 3.87 CO oJ>
IDN 2 6.77 12.77 10. C 5 13.21 12.77 5.C2 5.C8 c.c 0.
IDN 3 6.25 11.23 8 . 8 C 11.44 11.23_. 4.67 4.72 CO o. )
IDN 4 6.86 12.82 1C 19 13. 18 12.82 5.12 5.22 c.c 0.
REC 1 6.33 9.34 9. 34 9.3 4 7.72 5. CO 6.39 CO r
REC 2 9.13 14 . 0 3 14. C3 14.03 11.34 6.97 9.23 CO o.;;














18 3CC8 2 8.85
o.|:
USAF 2 4.06 30.8 8 24. 3 8 .. 3 C . 0 8 2 4.06 24.46 _3.4..3_8__
p.. 0 c;E
31.31 35.58 33.94 2 8 . t C 33.50 21.21 30.
C4 CO
IDN 1 2 . 7 5
_
8.0 1 9.69 5.46 2.77 ll-58__ 3.9_9__ CO '- -
IDN 2 4.36 0.44 14.60 8.5C 4.32
17.12 6.24 cc X'c
IDN. 3. 3.93 0.03 13.43
7.69 3.92 1 5 . 84 5.64 cc 8
IDN 4 4.37 0.C3 14.60 8.51 4.32
17.11 6.25 c.c A
REC 1 4. 13 0.68 7.24 7.3C
5.57 1C98 7.25 . c
3
PEC 2 6.35 0.99 10-98 11.02
8.51 16.02 18.73 CO 9
,]
_






REC 4 6.36 0.9 8 11.01 11- 86
8.54 16. C9 1C.78 c.c
"RCAF
~
19 15.84 15.C4 15. C4 l77l9
17.19 "11.T 9 1 7 . 19 iT7i9
J, 1 )
2 4.86. 30.0.8 24. Co 3C0_8_
34.38 3 4.33. .3 8 . C.8._ 4.3-8 Cfth
LETTER 28.27 2 8.28 26.81 2 8.82
27.73 2 8.36 26. 76 25.47 C;
IDN.4 .2.4.8. 3 . 2 7_
0.29 1.74 2.64 4.4 L. 10.47 . .8
..8 7_. . <; v
IDN 2 2.46 5.24 0. 29 2.
12 3.74 7.C9 15.57 i .ci 0.;
ION..3 2.10 4.72











































3 . 2 0
._
c .g
"REC 4 5. 80 7.68 5.81 5.81














3 . 3 7_
"
8 . 5 9
_.













LETTER 1 5.75 14.8 9


































































1.35 0.29 1.4 6 0.C3
-CCC -C.C I C .0 0.













































































2 9_ 132. 130.5
32 35.1990
































M o A'J 9
RCAF 21 6.4 5 9.82 7.52 9.C2 5.4 7 15. C 4
"
C . C
USAF 15.04 15.04 15. C4 15.84 11.28 18.(5 18. C5 C .0 r . -'.
LETTER 12. 14 12.8 3 14.37 12.38 12.28 12.62 14.28 C.C 0*::
IDN 1 C.^5 5.39 0.83 1 .64 -0.C7 -C.C7 0.40 CO
IDN 2 C55 8.26 1. C9 2.1C -CO 7 CO "o'J
IDN 3 C 52 7.53 1.00 2.8 1 -C.C7
.-CC7
..
0.45 CO C.4 -
IDN 4 C.55 8.2 8 1.C7 2. 1C -O.C 7 -C.07 u.4 7 CO




REC 2 2.58 5.3 5 5. 14 3.71 G.C 2 0.96 7.26 CC ( ;
REC 3
.. 5.02 4. 76 3.4 6 G.C1 C91 6.9.1 cc i
'
_..._










1.2.89 12...3.9 18.85 8 . C 3 8 ._C 5 12.89 11.28 o:~-




C.52 -0.01 -O.C 2 -0.02 . -G.C5 C -90 1 .27 Q.43 C.:




-CC5 0.59 1 .47 C49 o.:




.8.4.8C 4 7. C.-31 1 . 4 C 0.62 C 8 5 C 4- _ -
REC 2 1.24 0.C3 0.54 0.53 C34 2.C9 C7C 0.12 c:
REC 3. _.__ .1.17














RCAF 23 12.89 "1.47 ~oJ
USAF.
.22X.6..
...0 5.. 15...C4. 15.0.4 4 5.C4 _ 22.5.6..___15_.C4 . 0 .4. ___
LETTER 15.57 14. C2 16.56 15.91 14.60 17.81 15. 73 cc "0;
IDN...1 2. 75_ -4-91 1.C3 2 .9 7
_ .C.13...._ 2.C6... C . 0 0.4-








2.39 CO 4 <
IDN 4 2.72 2.31 1. 31 2.51 4.C7 0. 14 2.53 CO
__. R.E.CL.1
_. .





REC 2 2.28 3.29 5.C4 8.86 4.8 8 3.17 2.32 cc
"
0';
REC. 3 . . .....2...00.... 3.0 3. 4.66 . .8.164.51._ .2.85.__._._2.11 __. o.c__ C-
REC 4 2.24 3.37 5. 10 8.86 4.54 3. 0 6 2.31 CO OJ
RCAF 24 C52 9.C2 9.C2 9 , 0 2 - 7.52 5.47 11.28 ell b.:
JUSAfL- _ _1.5.04 18. C 5 1 3 . C 5 _.. . 15.C4. _15.C4. .12.8.9__ -4 8. 05 _ .-_.C0.____...jX
LETTER 13.26 12.76 17.64 13.36 15.68 1 3.85 14.44 CO <
IDN 1 -C..CL. .43.69 2 . 9 3 . _ 1.22 C47 1.8 5 -C'EL...-..-c.o_ 'w -T - -
IDN 2 -0.01 0.6 4 3.91 1.29 C53 2.18 -0.81 cc 0;
IDN_3 .-C.C1. _0.64.... 3.53 1.24 C54. . 1.99 -CC1 CO .0
IDN 4 -0.01 0.6 2 3.79 1.25 C.58 2.G5 -8.81 c.c 0*
PEC..1 4.6.. 2.21 2.26 3. 41. . 3.6 7 -2.46..... .1 .46 .. ex.. -
REC 2 2.09 3.22 3.23 4.94 5.44 3.60 1.31 CO 0.:
REC. 3 _ 1 . 90._ 2. 9 9_.. 2,98... . 4.51. ..5.853.29 1.23 ..0.0
_Q7
-
REC 4 2.03 3.32
'
3. 14 4.78 5.50 3.49 1.27 0.0 o7















1 5 ..3_4___07 --
LETTER 12.76 o7
4PNXl.___ 5 1.99 _.C62.... 0.7C. 1 7l___.C..62... 5... -0.8 4 0^ -
IDN 2 CtiO 2.3 7 0.56 0.64 2.18 C.57 -0.C5 -CO 4 0.-
4DN 3__ . C..6.L 2.26 .. 0.57 C65 2.C6.... 0.5.8 -0.85 -CC4. .0 7
IDN 4 C58 2.37 0.54 0.63 2. 20 0.55 -C.C5 -CO 4 Q.^
REC 1 1.-53 3.4 8._..... 2.2 7__... 2.43 2.56 .... 5.81 . _ 1 . 33 . _ 1.52-
5.C1 3.23 3.47 3.69 8.41 1.38 2.32 n 4N-
4. 72 3.C2 3..2C 3.42 7 . 7.3. . 1 .71 .2.88 -
REC 4 2.17 5. 07 3.31 3.35 3.76 8.18 1.31 2.25 o7
































I 3. 0.11 3_.
28.8709





7 . n 940.
fl .8473
9.6619_


































USAF 1 2.89 15.04 15. C4 15.84 12.89 15.84 12.89 CO CO J







__ 0.75.. -C.C 4 CO CO,..






0.53 3.37 0.83 -Q.C4 c ,0 0.
IDN 4 C.56 0.51 0.80 0.51 3.68 C.87 -0 . C4 cc 0.
REC 1 1 .58 0.26 3. 15 3.15 4.C1 0. 13 2.45 CC bic
"040REC 2 2.20 0,26 4.49 4.45 5.92 8.21 3.56 CO
REC 3 2.C3 0.26 4. 14 4.13 5.51 0.17
...
3_._.2 5__ X.O.. CO
REC 4 2.15 0.24 4. 34 4.31 5.98 0.19 3.44 cc O.C
RCAF 27 8.77
"
1 . 02 7.C2 7 . C 2
"





USAF 14.04 11. 78 11. 70 17.55 14. C4 1 4 . C 4 17.55 8 . 0 oa 1
LETTER 12.10 12.7C 11. C9 11.48 15.17 11. C8 12.83 cc 0.4 1
IDN 1 1.57 1.0 6 2.27 2.22 C.95 2.21 1.C1 CO
0."
IDN 2 2.12 1.3C 3.30 3.23 1.17 3.21 1 .34 CO o.,c
IDN 3 1.99 1.25 3.C4 2.9 7 1.10 2.96 1*25 cc cc
IDN 4 2.11 1.31 3.25 3. 17 1. 15 3 .15 1.32 CO 08
REC 1 2.71 3.83 2.C9 2.71 4.C5 2. 71 2_. cc 0
REC 2 3.76 5.52 3. CO 3.76 5.72 3.76 3.50 CC CO
REC 3 3.61
. __.5.26 2.84.. 3.6 1 5.43 3.61
....
3.23 cc O.C
REC 4 3.84 5.60 3.C6 3.84 5.79 3.84 3.4 3 CO 0,0
RCAF 28 8.77 4.2 5 8.77 8.7 7 14.04 17X5 8 . 77 CO 0,0 1
.. L4..D4. 2 1 7 . 5.5 17.55 3.39 . 23.39 C4 CO CM 1
















IDN 2 CO 0,0
IDN 3 3.03 2.94 4.C7 4.C9 -5.35 4. 14 4.C9 c.c
._.._.
ION 4 3.28 3.17 4.40 4.44 5.83 4.4 9 4.44 cc oJc
REC 1 3.24 3.7 5 3.27 4.62 1. 80 5.71 2.59 0.0 0.0
REC 2 4.92 5.3C 4.91 6.76 2.65 8.41 3 . 82 CO 0.0
RE__C_3 4.57 5.04 .4.57.. 6.3 5_. 2.52 7.86_ 3.59 c.c 0.0
REC 4 5.01 5.42 5 . CO 6.86 2.74 8.51 3.92 CO CO
RCAF 29 7.94 ~g 7-5 2 "67 60
~
5 . 9 5 6.8C
X.97" ~
cXc ~Q\ 8
USAF _ __L1. 9 1. . 15.87 ..1.1.911 1 9.1..__L1X1._.1.5..8_7....9.52 . . .. O.X___ CO J
LETTER 12.29 12.41 9.44 11. C3 12.71 11. H 11.77 c.c 0 . 0 :
.... _4DN__1
1.C9 2 . 1 6 1-19. .... 1.15. ... .2 . 20 . 2.17. __JL._12_._ -CO 0,4
IDN 2 1.41 3.4C 1.57 1.55 3.47 3.43 1.48 CO CG
...
IDN 3. 1.37.. . 3.02 1.50 1.47 3.C8 3.C7 1.42. c.c o. 0
IDN 4 1.49 3.51 1.63 1.61 3.59 3.53 1.55 cc 0.0
_ REC 1 1.03 .2.9.4... .1.35.2. 12 . 1C_ _2_..ea.____ 1.62 cc 0. 0
REC 2 1.52 4.46 1.60 3.28 3.22 4.3 8 2.52 CO O.jG










,. _ .-..., .
.. . _ .. _--.
~~RC"AF" lb"




15.81 _ 3.61. 15... .8.7 1 3.61 .-13.6.1.4.0 0,-%
LETTER 1C.36 13.25 11.63 14.01 10.40 11.87 13.96 8 .0 0 0
IDN 1 ...2.28.. _5.3C.1.67 3.14 3.76 _ 2 .76 _ ._ cc__ _ cic
IDN 2 3.58 7.78 2.51 4.55. 5.79 5.14 4.31 c . 0 b-'o
IDN 3 3.25 7.18 2.33 4.11 5.C4 4.55 _ 3 . 85.. CO. 0 0
IDN 4 3.73 7.89 2.70 4. 72 5.88 5.34 4.39 c.c c 0
.. _REC_.l...




6.81 4.31 4.38 6.81 4.1-3 3.40 cc 0 0
6. 14 3.96 ... 3.9 9 6.14 3.75 __ 3 ._C.3_ .. ...x.c__ c 0
r\t.L ~t _.J7 6.83 4. 37 4.4 4 6.33 4.21 3.35 c.c c .0


































































































































































































































































































































1 . 2 72




































































4.6429. 7 5.C22.... 15
0.643 9














1 0 3 . 8_C ? 3
4|i9 .
94.18f^







-- SUV^Y S^ XXY
SUM XX SUM XXX SIM XX>X
260.24 "X28~76 4l"6 1 05 C 672T8:
33^5...
.
42 221. 59 7741.
. C 19 8 J 179.4287 15026.8 125
3345. 42221. 59774V.
4 4 3.4819 10 7 6 .14 97 1 37117 94
3345. 42221. 5977_41.
2_. 0 7_7 J 1 8 9_.j 56 4_ 1 5 1 3 0. 3 1 2 5
3345. 42221. 597741 7




42 2 2.1_. 1 .
9 3 7 . 6 8 75 3 8_._3_4 6 4 ._6 C L6_
3345. 42221. 597741.







1633. 3696 . 1 7 1 Q
3345. 42221. 597741.
"2 647 2 44 1 14l4 76"8r4""X94"5T74"8C5
9628. 195527. 4287149.
5 45. C 19 8 2 Cl 1.01 1C 4 2471.8 281
"9629. 195527. 4287149.
XX3"."43 1 9 1 8337428 5 ""3 82 9 8.6753
9629.
4287.149.





'429X1 54 8 35C4~8 752 73
Q628. 195527. ..42871.49..
9^7.6875 2886.4 2_6.8.._.5
78C 1.5 1 9. .





0.4 726 7 2 79





















































CURVE 4311 -3.613 C.57C -C.0G7 0.578 2.C2' C64f2 75.572
LINE -1.213 0.287 G.573 2X1C 8.6402
CURVE 1321 -2.247 0.-+64 -C.0C6 C7 34
"
1 . 323 G. 6993 "2
LINE -0.292 0.222 1.325 0.6993
LINE -0.61.3 0.33 8 C738 1.977 0.7061
CURVE 3321-2.987 0.597 -C.C08 0. 1 C . 7 1 53. 242
LINE ^pO.4990.709 4.7120
CU.RV.E_ 264... 0,t-62__-_0,009 1.996 0.7C11 68.795
LINE -0.589 0.336 0.709 1.992 C7011
15
15







4 47 7 1X8. 2C73_4U13. 1797
8-<3. 1^1743. 40852637
4 29. 154 8
8923.
184C.6633 3 74 9 0 . 8945
_4
81 743. 4085263.













I 524.3267. 27C8.4717 55368.2812










MODEL MOT M C 8 E L
'
___R_EAC.... 1 . 2
... 1
._




o 0 1 0 9 4 c 0 0 0 0 C 0 c i C
2 39 0 9 0 12 0 0 0 0 0 0 0 c 0 0 0 I 1
3 23 3 0 2 c c 0 c 0 1 0 2 1 1 0 o ! 2_ 0
4 34 0 0 0 18 0 0 1 0 0 0 1 0 1 0 c-o 0
5 23 0 c 0 c 18 c 0 0 0 0 0 0 1 2 c o. 0




15 c 0 0 0 0 0 10 0 c 0 0 c 0 0 0 10; 0
8 23 0 0 J 0 0 0 1 60 c 0 0 0 0 4 o fo 1
9 20 0 0 0 0 1 3 5 0 26 0 3 0 C 1 0 4Pg. 0
10 5 0 0 0 0 0 c 0 0 0 84 1 c C C o o 0
11 19 0 0 0 0 0 0 1 2 0 3 50 c C 0 o A 0





13 56 0 0 1 2 0 0 1 0 0 0 0 1 9 1 0 i 0. 0
14 1 6 c 0 0 0 0 0 0 0 _ 0 0 c C 24 G 'T o 0
15 46 0 0 0 0 0 0 0 0 0 0 0 c 0 2 5 -Q_ 0

































19 2.5 0 0 0 0 0 0 0 0 0 0 0 1 0 0 c i 0
20 4 2 0 0 0 0 0 0 o 0 0 1 1 c c 0
'
<r c 0
21 44 c 0 0 0 0 c 0 0 0 4 0 3 0 0 0 1 0
22 66 0 0 0 0 0 G 0 0 0 1 1 c 0 1 37 o o
23 39 0 0 0 c 0 0 0 1 1 0 0 c 0 c o o ._ 0
24 5C 0 0 0 0 0 0 0 0 0 0 0 c 0 0 c c 6




























2 5 15. 454__L_C_
4 358 21 26 4 3 9
14 6 2 2 .4 3__
7 4 7 360 1 32 6
46 3 ... 5 269 8 _35
12 4 10 57 4 318 23





















AP?4'XI_ ui", PAGE 1
p. 17
-J.8..





c 8 c 0 0 0 0 2
0 1 c 0 0 0 1 0
" "
b
2 0 c c 0 c c 0 0 n
0 0 1 c 0 0 0 0 7 1
C 0 c r 0 c 0 n 0 1
O 1 0 0 0 4 0 0 ""0
"
0
0- 0 C c 0 0 c 0 0










G 0 0 0 0
a o c 0 0 0 0 0 0
0
0
C 0 0 0 1 0 0 0
C 0 0 0 1 1 1 0 c 1










2 0 0 0 0
0 25 1 0 7 0 3 0 1 0
0 1 8 0 0 0 0 0 0 0
1 0 0 4 0 0 Q o 0 0
0 0 c c 1 0 0 0 0 0
1 o 0 1 0 2 0 c c 0
0 0 0 0 3 0 2 1 2 0
C 0 o 0 0 o 2 1 1 0
C 0 0 0 0 0 0 0 0 0









^ 14 3 14
24 _2.2_4 3 3..
6 204 6
8

















































































TOTALS 375C 2253 684 813 6C C 8 18.24 21.66 l.CO
!7
MCDEL_ IDENTIF ICAT IGN
1 90 28 25
2 65 9 17
3 35 2 1C
4 60
. ...8.
5 45 18 4
6
. __10 __..1.5
7 25 10 0
_8_
_9C__.60____ 7
9 60 26 14
.10.
9C. . .84 . 1




13 75 9 1C
14 45 24 _3
15 55 5 4
16. 65 . ... 2.___ .. 17
17 9C 25 12
_18_
45 8.
19 35 4 2
20 .45 _ _!__.__. 2
21 55 2 5
2 2 ..80... 2 12
23 45 1 5
24 5C 0_ 0





39 13.85 26. 15 6 CCO 0.49'9-
23 5.71 28.57 65.71
C.20'1
3 4.. 3C.00 12.33 56.67
1.07s6
23 4C.O0 8.89 51. 11
1.43,Z*
51 12.50 23. 75 63.75
C44'6
15 4C.CC CO 6C.CC
1.43)A
2 3 6 6.6 7 - 7.7 6. ... 2 5.-56 _







-* -* Q - ... .
3,34>3
2.39-3
19 66.67 e.oc 25.33
28 2 8 . 89. .. 6.8_9_. 6 2.2 2.._._
1.C3'7
56 12.00 13.33 74.67
0.43;6
18 53.33 6.67 4C.C0
1.91?9
46 9.09 7.27 83.64 C.328.?
46 3.4 8 . 26.15 7 8 . 7 7 0 . 1
15^





25 11 .43 5.71 82.66







44 3,64 16.36 80.00
66 2.50 15.CC 8 2.50
39 2.22 11.11 86.67
5 0 _ _. _C0___...C. G _. 10C.CC .-._CO..
-
C.45?7
40 12.72 14.55 72.73
. . . .
, .




1 165 139 4
2 235 76. ._ 61
3 415 224 108
4 41C ...2C4. 3 5
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2. 18 3.C5 2.38 5.13 O.C CO CO 0 . - -






11.34 0 . C
"
cc c.c c; "1
USAF .15.8715.87 15.87 19.84 19.84 OX CO CO O.L-1
LETTER 12.58 14.91 15.55 12.64 16.19 CO cc CO
.o.l
1
IDN 1 1.90 1.29 3. 25 1.31 2.28 O.C o.c CO
c*
IDN 2 1.85 1.19 3.65 1.21 3.68 CO cc CO 04
IDN 3
... 2.C7
. 1.3 8..._. 3.6 5 1.4C 3.69
..
0 . 0 0.0 co L.0.1




0.6 3 ____2.742 . 4_ 2 C.C _c.o_.__.CO.. -C
REC 2 1.85 0.82 4. 10 3.6C 5.81 o.c o.c 0 .0 CJ




0,0 c.c 0.3 ...
REC 4 1.87 0.89 4.35 3.76 5.96 CO o.c CO OJ
~PCAF~ ~7~
4.76 5.95 6. 80 5.9 5
'
"o.c 0 . c CO "0.3
USAF
-J.9411.91..._ 13,61. _9,52__9.52_. -0...C_ O.C OJ _._ 1.
LETTER 6.75 8.85 11.51 6.84 9.47 c.c o.c CO OJ
JDN 1
...1.901 .51 0.83 0.39 1.11 CO cc CO 0.4.
IDN 2 2.37 1.67 0. 78 0.35 1.13 o.c o.c CO 0.3
IDN 3
. 2.35 1.69 C87 0.41 1.21 cc .o.c
... co... 0J._
IDN 4 2. 50 1.78 0.89 0.43 1.25 o.c o.c CC 0.3
J. 1.47 1.02. 1.88 0 . 4 4 8. cc c.c CO OJ... -
REC 2 2.20 1.43 2.74 0.5C C.82 o.c o.c c.c 0.3

















RCAF 8 CO c:
USAF. 15,8/ .15.87- 45. 8.7. 13.61 ... .15.87.___- Q.O.. _. -CO-._.c.c .... 0.4 1




























o.c c.c CO ,0 4.__
IDN 4 4.76 3.69 4.66 2.4C 5.66 c.c 0 . 0 CO 0 J
REC. 1 _3.273.27. _. 3.45__ ML, 5 3 ... __ 3 . 31. _. ._ ... ..0..C... c . 0 .... . 0.0
REC 2 4.66 4.84 4. 93 2.3C 4.73 o.c cc c.c 0.3
REC 3 ... 4.45 4.46 4.62 . 2.03- __ 4.41 . cc 0,0.- . .. CO
REC 4 4.71 4.91 5. CO 2.23 4.7 7 CO cc CO o.c
RCAF 9 4.76 4.7 6 6. 80 4.76 6.80 cc o.c c.c T. e
USAF 7.5-4 . 9.52 9. 52_ -_9...52_ 8.52 _. - c c _ ..o.c. . _ CO o_x .-
LETTER 5. 86 6.35 8.57 5.29 8.91 c.c c.c cc CO
IDN.L - C.43 _ . 0.4 3 C..43 ___. 0,0 .._ 0.95 ._. . C.L4 .- -O.C. _G..O
IDN 2 C.39 0.39 0.39 CC C94 o.c c.c CO o.c
ION 3 ... _ C.46 0.46 . 0.46 0 . 0 C.98 cc c.c C.8....
o.c
IDN 4 C.48 0.4 8 0.48 CO 1.C1 o.c cc CO 0.0
REC 1 C..44. 0.54 ... __ P.. C_. . . 0.46. .... CO
REC 2 C49 0.7C 1.64 0.0 C54 0.0 O.C CO
0.0
REC..3 C50 0.6 7 ... 1. 76._ _ 0 . 0 __ . C5 3-_ o.c c.c __..C ..Q_ .
REC 4 0.52 0.72 1.94 0.0 0.57 0.0 O.C CO
0.0
PCAF 10 11.91 9.52 11.91 9.52 11.91 cc C.C CC
0". 0 1
USAF .15.87_15,8 7- ...15.87 15.8.7.. 15.87 . 0 ,-C
.CO 0, 0 1
LETTER 11.41 13.62 15.87 15.87 15.67 c.c
cc CO 0.0 1
1DN...1 1.52.. 4.C9 4.57 1.96 . 3,5 2.. CO
. c
. C0 _ Oz'p,.-
-
IDN 2 1.67 6.13 2.42 2.4 4 5. 14 CO
o.c CO c.c
.JDN3. 1-6.9 3.51 2. 37
2.4C 4.75 c.c ,_cc 0.0





















REC 3. 5.05... 5.CC . _ _5._C5
4. IS 5,05 _ o.c 0 . c CO C 4

































.3 . 3 5
_.





4 .1 3 5.522 5
XX 8
~




































































































































































































































.... 6 . 39_
12.31















































































































































































































































































14.03 14 "2 7. 3















24,64 2 5 2.1632










6.5 5 9.074 2.
PCAF 16 11.28 15.04 1 5 . C 4 12.89 12.89 CC cc CO
1 :
22
USAF 18.85 22.56 78 22.5 6 2 5.78
.0.0.
0.0 0.0 1 .
LETTER 17.36 24.25 15.88 15.82 2 0.60 O.C CO
0*-IDN 1 2.98 3.02
...
3.87 2.25 3.73 O.C CO C4 -




JDN...3 3.25 3.2 5
....
. 4 1 2.37 cc o.c CO
-
IDN 4 2. 39 3.38 4.68 2.43 4.60 0.0 CO cc /A
REC.J 4.2.5 5.97 5,82. 2.26
_.._






REC 2 6.25 8.32 8. 18 3.25 6.27 o.c o.c 8.8
REC 3
...
5.78 7.7,9 7,66 2.93
...5.8C- ...
0.0 CO 0.0















12. 69 12.89 ~i2TI9
'
o.c "o7 c CO
USAF. 18.05 56 18.05 25.78 0.0 cc CO
LETTER 18.37 20.22 19. 88 18.22 19.64 o.c o.c 0.0 1?
IDN 1 2. 16
__3_..8.3 3.78.. 1.72 2.2C o.c CO 0.0
IDN 2 2.12 4.44 4.4 7 1.89 2.79 0.0 o.c CO
_
.JDN.3 2.24 4.31 4 . 2.8
...





ION 4 2.29 4.5 5 4.54 2. 05 2.57 o.c o.c cc
.0.1
"
REC I 5.86 7,.4 2. 9. 7_9 1 ._9_8__ 7.59 cc o.c CO
REC 2 8. 15 10.5 5 14. C4 2.8 2 1C.85 o.c 0.0 0.0 ?>
REC 3 _.. 7.73. 9.76. 12.65 2.57 1C.C1...... cc ..... - cc. _.co
9
REC 4 8.31 10.51 13.90 2.77 1C79 cc cc CO
c*




RCAF 18 17. 19 20.08 30. C8 24.06 24. C6 cc cc 07
__USAF 2 4.06... 34. 38 34.38
_3






LETTER 27.28 28.0 3 31.85 27.23 3C.60 0.0 o.c 0.0 c, 2
-34 _3.10_._1.42 4.61 0.76 1.84 cc C.C CO 0.,




3 3.81 _._1.55. 6.60.. 0.85 2.11 CO . CO.. ...
.0.3
'"""
c,IDN 4 4.02 1.57 7.24 C9C 2.20 cc cc CO
-..
_REC_1
6.47 .3. 75 5.50 3.52 . 7._C8___cc_ cc
0..REC 2 9.77 5.96 8.44 5.45 11.07 cc 0 . 0 o.c
REC _3. 8.98.. 5 ..3.8. .7 . 70 4.95 ...9.97. o.c _ CO .. CO 8
REC 4 9.80 5.9 7 8.47 5.4 6 11.10 cc o.c CO 0 4




USAF _ 24.06 34.38 40. 11. 34.38 _-34.38... . CO . - -CO CC . 0. 26
LETTER 25.77 23.45 29.26 27.28 26.27 0.8 CO cc 1 1
IDN 1 ._.. . 1..90-. ..0.55 -1.781.11 1 .IX. . CO __CC__- O -^r 1






0 . 5 6 1. 99 1.22 1.2 5 CO cc CO . ... . . 0 , n
-
]
IDN 4 2.27 8.5 4 2.C9 1.29 1.32 cc cc CO _
REC J.. . ... _ 4.42 6.92 ... 5.87 1 . 9 C 4.70 . _ 0 . c__. - ... lJ
-
REC 2 6.87 11.03 9. 13 2.4 4 7,28 CO o.c CO
O.p'
.-J
-REC 3 6.30- .9.86_. 8.23 2.28. .. 6.66 0 . 0 .. 0,0 .....CO _ '>,!*.N
REC 4 6.98 11.14 9.25 2.4 5 7.37 cc o.c
CO e7
. _
. .. . . _




10.03 12. C3 8.5 9 12. C3 c.c o.c en ;4
.4





LETTER 13.39 13.51 15.63 13.3 7 13.93 CO




I.DN..1 1.49 CO O.C _ C . C G.C . 0 c.c - 'M
IDN 2 1.44 0.0 1. 76 0.0 CC o.c o.c CO
4 . r;.
IDN. .3 1.59. . o.o. .. .1-94.0.0. .. c.c... ...
0 . c CO .
IDN 4 1.65 0.0 1.95 o.c C.C c.c
0.8 cc o.r,




REC 2 C.68 0.0 8. 88 o.c C.C
o.c c .0 cc
.REC
3 C.73 . C C95 CO
o . c._. c . c CO 0 rr
,-< /N ,1 C1C n n n . n n _ . r, _ 0 r 0 . ,
'
13.43 13 10.3861



















3.05 5.3 3 84
3.20 6.1861
-







30 .59 31 71 .7885
29.00 29 17.6779
2.34 9.3 221







































































I 6 . 3.4
1 2.59
IDN













































REC 3 6.20 9. 19 2.63 -0.08 4.96 CO C.C CO 0 3 ,--
REC 4 6.78 10.00 2.82 -0.C8 5.38 O.C cc CO o;
4 -98
RCAF 22 9 . cT
"
~T7~o 1 2 .8 9
~







USAF 15.04 18.05 18.05 15.04 18.05 o.c o.c CO OJ.






































































RCAF 23 lT.28 11.28 12.89 9.C2 11.28 cc
"

































IDN 1 -C.04 0.98 3.37 O.C 1.32
o.c cc C.C 0 4.....
IDN 2 -0.04 1.14 3.89 CO 1.4C
cc O.C CO 0 4
IDN 3 -0.04 1.C7 3.82 cc 1.44
CC O.C co 4.




















REC 3 C.44 5. 15 7. 22 0.86 4.03
cc cc CO _ Ca
REC 4 0.42 5.49 7.83 0.87


























































































































REC 4 0.37 9.54
CO 3. 06 CO 0 . 0
RCAF 25
-------



















































































































16.3 4 17 10.P569
12.59 13 15.26C1





















1 . 1 9 1 9
0.35 1 .5 6 64
0.34 1 .5164
0.3 5 1 .6359




I .28 10.209 8
1 .26 9.8 8 82__.
1 .31 10.9375
2.64 16,7141
3 . 83 39.2016

















































RC AF 26 9.02 9.0 2 12. 89 7.52 9.02 CC cc CO
oX
USAF 15.04 18. C5 18. C5
.
15.04 15. C4 O.C cc 0 . 8
LETTER 14.44 15.50 16.24 11.0 5 16.06 O.C c.c cc o:
IDN 1
__
C.86 2.14 3. 10 CC 2.17 CC cc CO o.A
IDN 2 C.88 2.25 3.4 2 O.C 2.28 CO o.c CO 04
IDN 3 C93
_ ....
2.25 3.36.. CO 2.28 0 . 8 o.c o.c
~%$IDN 4 C.96 2.32 3.48 CO 2.35 CC CO CO
REC 1 1.84 3.77 6. 36 0.38 2.98
_.co..
G.C o 7 -
REC 2 2.55 5.75 9.3(3 0.37 4.42 0.G cc CO . _c7
REC 3 2.33 5.27 8.67 0.37 4.C9 0.0 cc CO o.
REC 4 2.52 5.31 9.37 0.36 4.49 CO CO cc """""o"7




1.0 2 XT.To "o.c "o.c "b7
USAF 14.44 17.55 17.55 14.04 17.55 CO 0 . c n , o 0.
LETTER 13.31 10.35 14.06 9 .9 15. .77 CC o.c CO c
IDN 1 C.67 1.34 2.84
.
0.4 7 2.18 o.c CO CO 0.
IDN 2 0 . 66 1.53 3.37 0.45 2.42 CO o.c CO o7
JDN 3 e . 7 1.._ .-1 .44 3.29. 0.49 __2.40CO cc CO o,
-


















_ _ -5.34._CELL5.71.. -CO. CO
.0,
REC 4 1.70 5.68 5.77 0.78 6.C4 o.c o.c CO c





1 4 ..04 17=55
.
23. 39_ 17.55 23.39 CO.. CO o.7
LETTER 14.68 10.95 15.44 13.29 15.87 CO cc c.c 0.
IDN 1
.2.64...
1.54 2.C9____o.o.._ 2.74 CC 0 . c CO 0 4
IDN 2 3.48 1.71 2.49 O.C 3.51 CC o.c CO
"cc
.
IDN 3___ 5. 7C . 2.42__ ... o . 0_. 3.36._ ... CO o 4
IDN 4 3.57 1.77 2.54 CO 3.58 CO O.C CO oP




REC 2 2.46 3.2 7 8.1C 0.0 4.9 7 CO 0.0 CO
olc
-REC..32. 33 _ 3.12 -.7.50-0.0...__._.4.67__.0.0.CO CO
c
REC 4 3.61 3.38 8.17 c.c 5.C4 c.c CO CO
0.
RCAF 29 6.80 "1 . 9 5 11.91 4. 76 9.52 o.c cc CO
1:3.61 . .9.52.-45,87.. cc- ..CC- CO
LETTER 10.36 8.87 12.44 8.99 12.15 cc CC CO
o.-
...IDN1 . l.OC .. _C50.__1 . C 2 1,36... __. -CC-o . c
0.-




60 0.98 1. 15 1.59 ... o.c O.C CO Oa
ION 4 1.69 1.2 0 1.G3 1.21 1.69 cc CO c.c 04
oX
""~b~.o
REC 1 1.32. 0.91 1.5 1 1 .95 e,c . cc
REC 2 1.99 1.39 3. 76 2.28 2.88 CO cc CO
.REC3 1.8 8. 1,2 4-_.._3.5.G_.__2..I2- .70.-. ...o.cCO c ,.c._ 0 .
:
-
REC 4 2.11 1.37 3.84 2.3 6 2.98 CO CO CO











1.. 13.61___ 0.0 CC-
LETTER 12.02 11.77 13. CO 9.63 12.91 0 . 0 CC CO
IDN 1 0.92 3.25 8.61- 1 . C 7 2.95 cc o.c cc
IDN 2 0.90 4.75 13. 32 1. 15 4.3 8 cc cc CO
IDN_3 1.00. 4.54 12. 15 7
c.n
IDN 4 1.05 5.C1 13.55 1.26 4.52 CO CO cc <
REC 1 2,04... 1.71 _3.98._2,09 5.13 ..cc _ CO . CO
ox
c^




PR 2.4 5... 5 . 4 8.... 2.8.9_ 7.C1 ..CO..... c.c... .0, 0














































































































^vc.hhc: -j.jo',. C.560 -C.011 C.588 1.2.26 0.5397 26.225 14
LINE 0.C33 0.151 C.693 1.259 0.5397
CURVE 1322-3.743 C.6C3 -C010 C.773 1 . C78 0.7501 ll. 261 14
LINE. 0.236 C .387 1.JC9. 0.7501.
.CURVE..
2322 -5.255
.. 0.842..-C. C13. C.79C 1.593 0.7666 39.5C9 14
LINE -1.251 0.363 C.866 1.623 0.7666
CURVE 3322 -4.913 C.790 -C.G13 0.797 1.430 0.7631 31.720 14
LINE.. -1.157 0.329 C.893 1.465 0.768.1
CURVE...432 2 -5. 308 0.851 -C.013 C_. 792 1.586 C.77C5 39.149 14




















ERFOR - A SPECIFICATION INTERRUPT FAS OCCURRED IN SUB-FRCGRAK fPAIN
-Al ADDRESS GC99B3 RELATIVE TO THE ENTRY POINT MAJN
- THE RETURN REGISTER INCICATES TFE L / S f CALL fcA S MADE'TpCM
"
A.QCRES S.JO 1906 TC THE ENTRY PCINT CF f-AIN
- THE LINKAGE REGISTER INDICATES "THE
"




7 ro.i. co 15.G274
o 3
'
j ^ . 165 1^9 :. /. nee.
"






3 4 77553.. 12.6206
;^""~7784^c2 2V+C-625 X8086.3984 15.9224
.
_





I? 794.2 319 246 7 1 8 4 8_9 4 8 6 1 3 . 9 49 2 15.9224
8 509. 1 6 5 1 3 9X
""
3 47 7~55 3 .
"
"T"9"7T5 4T
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